Variation in leaf structure of the invasive Madeira vine (Anredera cordifolia, Basellaceae) at different light levels by Boyne, Richard et al.
This is the author’s version of a work that was submitted/accepted for pub-
lication in the following source:
Boyne, Richard L., Osunkoya, Olusegun O., & Scharaschkin, Tanya (2013)
Variation in leaf structure of the invasive Madeira vine (Anredera cordifolia,
Basellaceae) at different light levels. Australian Journal of Botany, 61(5),
pp. 412-417.
This file was downloaded from: http://eprints.qut.edu.au/61803/
c© Copyright 2013 CSIRO
Notice: Changes introduced as a result of publishing processes such as
copy-editing and formatting may not be reflected in this document. For a
definitive version of this work, please refer to the published source:
http://dx.doi.org/10.1071/BT13083
  1 
Variation in leaf structure of the invasive Madeira vine (Anredera cordifolia, 
Basellaceae) at different light levels. 
 
Authors: Richard L. Boyne, Olusegun O. Osunkoya and Tanya Scharaschkin 
 
Corresponding author address: 34 Wilton Tce, Yeronga, Queensland, 4104, Australia 
Corresponding author email: rboyne@bigpond.com 
 
 
Abstract 
Madeira vine (Anredera cordifolia (Ten.) Steenis) is a climber in the angiosperm family 
Basellaceae. It is native to South America and has naturalised in Australia. It is regarded as a 
serious environmental weed due to the structural damage it causes to native vegetation. This 
study, for the first time, documents anatomical and morphological traits of the leaves of A. 
cordifolia and considers their implications for its ecology and physiology. Plants were grown 
under three different light levels, and anatomical and morphological leaf characters were 
compared between light levels, between cohorts, and with documented traits of the related 
species, Basella alba L. Stomata were present on both the adaxial and abaxial sides of the 
leaf, with significantly more stomata on the abaxial side and under high light. This may 
account for the ability of this species to fix large amounts of carbon and rapidly respond to 
light gaps. The leaves had very narrow veins and no sclerenchyma, suggesting a low 
construction cost that is associated with invasive plants. There was no significant difference 
in any of the traits between different cohorts, which agrees with the claim that A. cordifolia 
primarily propagates vegetatively. The anatomy and morphology of A. cordifolia was similar 
to that of B. alba. 
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Introduction 
Anredera cordifolia (Ten.) Steenis is a vigorous climbing plant native to the central and 
southern parts of South America (Eriksson 2007). It belongs to the family Basellaceae, a 
family of 19 accepted species in 4 genera (The Plant List 2010). Most Basellaceae are 
succulent climbers from the tropics and subtropics (Eriksson 2007). A well-known species is 
the edible Basella alba L. (syn. B. rubra L.), which is thought to be native to Africa or Asia 
(Eriksson 2007). A. cordifolia has been in Australia since the 19th century (Bailey 1883), and 
is now regarded as an environmental weed (Vivian-Smith et al. 2007) and a weed of national 
significance (Australian Weeds Committee 2012) . It invades a wide range of habitats 
including sand dunes, rainforests, sclerophyll forests, riparian zones and rock outcrops 
(Vivian-Smith et al. 2007). It was ranked 5th by invasiveness out of 200 naturalised plants in 
southeast Queensland (Batianoff and Butler 2002) and 4th by estimated impact from amongst 
66 invasive plant species in the same region (Batianoff and Butler 2003). In New South 
Wales, it is considered to have the worst impact on biodiversity (Downey et al. 2010). As 
with many other invasive or weedy climbers, A. cordifolia smothers and inhibits regeneration 
of native vegetation (Vivian-Smith et al. 2007) (Fig1).  
A. cordifolia has both subterranean and aerial tubers. The latter grow from leaf nodes, easily 
detach from the parent plant and can lie dormant for some time on the ground before 
sprouting (Floyd 1985; Blood 2002; Vivian-Smith et al. 2007). This may be the primary 
method of dispersal and reproduction as it rarely produces viable seeds (Vivian-Smith et al. 
2007). The combined weight of a large number aerial tubers could contribute to the physical 
damage inflicted on host plants (Vivian-Smith et al. 2007). A. cordifolia grows poorly under 
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low light (Osunkoya 2010a) and consequently tends to occur at the edges of vegetated areas 
or in light gaps after a disturbance (Floyd 1985, Dunphy 1991). Its invasive habit may be 
related to its high rate of carbon fixation in environments with high resource input (Osunkoya 
et al 2010 a, b). 
Apart from very brief descriptions (Metcalfe and Chalk 1950, Eriksson 2007), little has been 
published on the morphology or anatomy of A. cordifolia, although the related species 
Basella alba L. has been the subject of some studies (Sharma 1961, Paliwal 1965, Enriquez 
et al. 2000; Busuioc and Ifrim 2004; Ji and Chu 2009; Roy et al. 2010). Our study describes 
the leaf anatomy and morphology of A. cordifolia and compares it with that of B. alba. We 
also report, for the first time, changes in leaf anatomy and morphology of A. cordifolia in 
response to changes in light intensity, and discuss potential structural explanations for 
ecophysiological traits considered to be responsible for its invasiveness. 
 
 
Materials and methods 
Specimen acquisition and experimental setup 
Aerial tubers were collected in July 2010 from three suburbs of Brisbane, Australia: Rocklea 
(153.014E 27.506S), Yeronga (153.013E  27.506S; 153.013E  27.507S) and Corinda 
(152.985E  27.55S). Voucher specimens of the source plants were examined by Queensland 
Herbarium (BRI), determined as Anredera cordifolia, and deposited at the Queensland 
University of Technology (QUT) herbarium,  Brisbane, Australia (vouchers Boyne 41, 50-
52). Sprouted tubers were placed individually in 1.3L pots with a mixture of Australian 
native plant potting mix, perlite and Osmocote© fertiliser for Australian natives in a ratio of 
240:20:1 respectively. Plants were grown in the greenhouse facility at QUT, under three light 
levels designated as low, medium, and high, with photosynthetically active radiation levels of 
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about 1%, 29%, and 44% of full sun, respectively. Twelve plants were grown under low light 
and 11 each under medium and high light. Plants derived from the same parent (original 
source of tubers) were considered to be part of the same cohort and two to three plants of 
each cohort were represented in each light level. Pots were regularly watered to saturation 
point and their positions randomized within their respective light conditions for the duration 
of the experiment. Fully developed, undamaged leaves were harvested in December 2010 
(early summer) and February 2011 (late summer); i.e. approximately two and four months 
after the establishment of plants in their respective light treatments. Voucher specimens 
(Boyne 74-79, Boyne 89-97, Boyne 132-140, Boyne 153-161, Boyne 184-190) from this 
experiment have been deposited in the QUT herbarium. 
 
Leaf morphology 
Freshly harvested leaves were scanned using a flatbed scanner and leaf area was measured 
using ImageJ (Davidson 2010). Terminology for describing leaf morphology was based on 
the Kew Plant Glossary (Beentje 2010).  
 
Leaf surface anatomy 
Clear nail varnish was applied to the abaxial (lower) and adaxial (upper) surfaces of leaves 
and transferred to slides with clear adhesive tape (Cutler et al. 2008). These were examined 
with a Nikon Eclipse 50i light microscope and images captured with an attached Nikon DS-
Fi1 camera head. Three views were taken of each epidermal impression (Grant and Vatnick 
2004; Hoagland 2007), avoiding midribs, margins, and areas close to the base and apex of the 
leaf. Within each view, comparisons were made with prior information on B. alba. The 
length of guard cells was measured using NIS-Elements software. The number of stomata 
and epidermal cells within each view were used to calculate the stomatal density and stomatal 
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index (Salisbury 1928; Gupta 1961). The formula for the stomatal index is E×100/(E+S) (E = 
number of epidermal cells and S = number of stomata).  
 
Leaf internal anatomy 
Leaves were fixed in 70% ethanol and infiltrated and embedded in paraffin wax. Sections 
(15μm thickness) were cut with a rotary microtome. Sections were placed on APES-covered 
slides and oven dried overnight at 37°C overnight. Slides were stained by immersion in 0.5% 
Toluidine Blue O for 20 minutes and oven dried (after Sakai 1973; Kiernan 1996). Paraffin 
was removed with two changes of xylene and coverslips were applied with DPX. Three 
sections from each leaf were photographed following the same protocol as that for epidermal 
impressions. Total thickness for each section was measured and the structure of cells and 
tissues was compared with what has been published for B. alba. 
 
Data analysis 
Leaf area data came from both harvests, whilst all other data were obtained from the first 
harvest only. Data were summarised and analysed using Excel and SPSS (version 19). As the 
data were not normally distributed, Kruskall-Wallis tests were performed using individual 
plants as replicates in order to assess differences in leaf morphology and anatomy between 
light levels and cohorts. 
 
 
Results 
No significant differences were found in the data between different cohorts, so the data were 
combined for each light level. Means and standard errors of the data are presented in Table 1. 
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Leaf morphology and area 
Leaves were petiolate and generally cordate or ovate in shape with entire or slightly undulate 
margins. The leaf apex shape ranged from obtuse to slightly acute, with an apiculate or retuse 
tip (Fig 1, see inset). The midrib was prominent on the abaxial surface. Secondary veins were 
pinnate, with the tertiary veins anastomosing towards the margin. For the first harvest, light 
had a significant effect on mean leaf area with higher values for plants grown under medium 
and high light compared to those under low light. For the second harvest, there were 
variations in leaf area between light treatments, but the differences were non-significant (P > 
0.05) (Table 1). Average leaf area was significantly lower in the second harvest than the first 
(P < 0.001) (Table 1). 
 
Leaf surface anatomy 
Both leaf surfaces lacked trichomes and were smooth and glabrous, more so on the abaxial 
surface. Stomata were generally paracytic (sensu Carpenter 2005), with two or three lateral 
subsidiary cells (Fig 2). The majority of epidermal cells were irregular with sinuous anticlinal 
walls (Fig 2a, b), although a few were polygonal with straight walls, particularly in areas over 
veins (Fig 2c, d). Stomata were present on both leaf surfaces (amphistomaty), with the 
abaxial surface generally having more stomata than the adaxial (Table 1). This difference was 
significant for both stomatal density (P=0.002) and stomatal index (P=0.001) when all light 
levels were combined. The stomatal density and index on the abaxial surface exhibited a 
significant light effect (P=0.009 and P=0.01, respectively), with an apparent positive 
correlation with light level (Table 1).  
 
Leaf anatomy 
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The average leaf thickness was higher under high light than the other light levels, but the 
difference was not statistically significant (Table 1). Some cells in the mesophyll were large 
and heavily pigmented, and were classified as mucilage cells by comparison with B. alba (Ji 
and Chu 2009) (Fig 3a). Calcium oxalate druses were observed in some mesophyll cells (Fig 
3b). The midrib seemed to lack bundle sheath cells and mechanical elements like 
sclerenchyma. The abaxial side of the midrib was composed of parenchyma cells (Fig 3c). 
Veins elsewhere in the leaf were very narrow and appeared to lack bundle sheaths. Mucilage 
cells, druses and veins were not frequently encountered, so it could not be determined if they 
varied with light level. The overall internal structure of the leaves, and parenchyma cells in 
particular, appeared distorted (Fig 3). 
 
 
Discussion 
Our observations of the leaf morpholgy and anatomy of A. cordifolia largely conform to what 
is known about B. alba. B. alba appears to have similar leaf morphology to A. cordifolia, 
including a cordate leaf with an obtuse or acute apex (Eriksson 2007; Roy et al. 2010). As 
with A. cordifolia, B. alba is amphistomatous and has similar subsidiary cells (Sharma 1961; 
Paliwal 1965; Enriquez et al. 2000; Busuioc and Ifrim 2004). The mesophyll of B. alba 
contains mucilage cells (Ji and Chu 2009) and druses (Metcalfe and Chalk 1950; Busuioc and 
Ifrim 2004). The veins of B. alba are narrow, the midrib lacks mechanical elements, and there 
appears to be little or no differentiation between palisade and spongy mesophyll layers 
(Busuioc and Ifrim 2004; Ji and Chu 2009). B. alba differs from A. cordifolia in having 
smaller mesophyll cells (Ji and Chu 2009) and slightly larger stomata (Roy et al. 2010).  
Light is often cited as having an effect on leaf area, with sun leaves being typically smaller 
than shade leaves (Young and Smith 1980; Hart 1988; Sultan 2000; Markesteijin et al. 2007; 
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Robinson 2007). This study showed no such correlation. Instead, the main difference seemed 
to be between the two harvests in which mean leaf area decreased with time. The cause of 
this is unknown, but possible explanations include seasonal differences in leaf size, increased 
carbon allocation to tubers as the plants matured, or the second harvest may have included a 
greater number of immature leaves. 
The greater number of abaxial stomata under high light is a previously undocumented 
observation for this species and family. Ecophysiological work has indicated that A. 
cordifolia exhibits a significantly higher area-based maximum photosynthesis and higher 
water-use efficiency under a high than a low light condition and in comparison with many of 
its co-occurring exotic and native species of climber (Osunkoya et al. 2010b). Our results 
provide a possible structural basis for this ecophysiological response. More stomata could 
allow more CO2 to diffuse faster into the mesophyll (Mott et al. 1982; Woodruff et al. 2008), 
which would otherwise be slow for a plant with thick leaves, such as A. cordifolia. This can 
increase the rate of carbon fixation where light and water are not limiting (Mott et al. 1982; 
Smith et al. 1990), but would be inefficient under resource-stressed conditions (see Osunkoya 
et al. 2010b). Furthermore, amphistomaty is a characteristic of pioneer plants that grow in 
high light (Mott et al. 1982) such as the invasive climber kudzu, Pueraria lobata (Willd.) 
Ohwi (Fabaceae) (Pereira-netto et al. 1999). Thus amphistomaty coupled with efficient 
vegetative dispersal across varying landscapes via the climbing habit and aerial tubers may 
explain the success of A. cordifolia in full sun habitats and along riparian corridors as long as 
moisture availability is not limiting. Amphistomaty is also associated with C4 plants (Mott et 
al. 1982). However, there is so far no evidence that A. cordifolia is a C4 plant, but C4 fixation 
is possible without anatomical specialisation (bundle sheaths), as has been observed in 
Bienertia cycloptera Bunge (Amaranthaceae) (Voznesenskaya et al. 2002). More research is 
needed across related species in Basellaceae on leaf anatomy and morphology, including 
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spatio-temporal changes in stomatal abundance and distribution, to explore further the 
ecological and/or evolutionary advantage of amphistomaty, especially its relationships to 
invasiveness. 
The very narrow vascular bundles and lack of sclerenchyma in A. cordifolia suggest that the 
leaves are supported primarily by turgor pressure. It was also observed that they became very 
thin and limp after being fixed or dried. This may explain the relatively low construction cost 
of A. cordifolia leaves relative to co-occurring exotic and native climbers in Australia, and its 
comparatively low water use efficiency, especially under low light (Osunkoya et al. 2010b).  
 
 
Conclusions 
This study makes an important contribution to the basic knowledge regarding the 
morphology and anatomy of Anredera cordifolia and provides possible structural 
explanations for ecophysiological traits considered to be responsible for its invasiveness. The 
vigorous growth and ability to rapidly exploit light gaps and edges in vegetation may be 
related to its amphistomatous leaves and the plasticity of its stomatal production. The 
observed lack of sclerenchyma and narrow veins in A. cordifolia leaves suggests a reliance on 
turgor pressure for support and hence very little carbon is invested in their construction, 
potentially allowing more to be allocated to growth or reproduction, such as the aerial tubers, 
and may also contribute to its invasiveness. The lack of significant differences between 
different cohorts for any of the traits measured is not surprising, as this species appears to 
reproduce almost entirely by vegetative propagation. Comparative studies of A. cordifolia 
with less invasive relatives, such as Basella alba, or other members of the Anredera genus 
may help to answer more questions about its invasiveness. As nothing is known about the 
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genetic variability of A. cordifolia in Australia, we advocate for research on the ecological 
genetics of this species within its native range and in novel or introduced environments. 
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List of figures 
 
Figure 1. Locality in Queensland, Australia, showing native vegetation infested with A. 
cordifolia. Inset, typical cordate and ovate leaves of A. cordifolia. 
  
Figure 2. Epidermal impressions of A. cordifolia leaves grown under different light levels. 
(A) Adaxial surface, high light, with various shapes of sinuous-walled epidermal cells and 
distribution of stomata. (B) Adaxial surface, high light, with sinuous-walled epidermal cells 
and details of guard and subsidiary cells. (C) Abaxial surface, medium light, with straight-
walled epidermal cells. (D) Adaxial surface, low light, with a row of straight-walled 
epidermal cells (marked with arrows), possibly over a vein. 
GC, guard cell; S, stoma; SC, subsidiary cell. 
  
Figure 3. Sections of A. cordifolia leaves grown under three light levels and stained with 
toluidine blue O. (A) High light, showing overall mesophyll structure and mucilage cells. (B) 
Medium light, showing a druse inside a mesophyll cell. (C) Medium light, showing midrib 
and parenchyma cells (the latter appear distorted, probably an artefact of the fixation or 
dehydration prior to wax infiltration). 
Ab, abaxial epidermis; Ad, adaxial epidermis; D, druse; MC, mucilage cell; P, phloem; PM, 
palisade mesophyll; SM, spongy mesophyll; X, xylem. 
 
 
List of tables 
 
Table 1. Means and standard errors of morphological and anatomical traits of Anredera 
cordifolia leaves compared across three light levels.  
 
Traits that exhibited a significant difference (P < 0.05) between light levels are indicated with 
an asterix (*); n = number of individual plants examined. 
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 Light level 
Leaf trait  Low light Medium light High light All light levels 
Area (mm2)     
1st harvest* 
 
3080.16 + 
173.52 
n = 6 
4189.56 + 269.52  
n = 10 
3682.91 + 
170.39  
n = 6 
3800.80 + 
170.39 
n = 22 
2nd harvest 2050.32 + 91.06 
n = 12 
1789.23 + 118.33 
n = 9 
2177 + 
164.82 
n = 11 
2005.10 + 
75.5 
n = 32 
Both harvests 2209.34 + 87.38 
n = 18 
2526.76 + 142.70 
n = 19 
2625.84 + 
152.89 
n = 17 
2474.97 + 
79.67 
n = 54 
     
Leaf thickness (μm) 
 
244.73 + 17.38 
n = 3 
254.24 + 13.83 
n = 6 
294.51 + 
21.9 
n = 4 
264.43 + 
10.38 
n = 13 
     
Leaf  stomatal density 
(number per area) 
    
Adaxial 
 
14.03 + 4.57 
n = 4 
9.350 + 1.67 
n = 9 
21.04 + 
3.803 
n = 6 
14.03 + 
1.82 
n = 19 
Abaxial * 
 
12.86 + 2.71 
n = 4 
26.49 + 2.73 
n = 9 
56.10 + 
7.61 
n = 6 
32.97 + 
3.52 
n = 19 
     
Leaf stomatal index     
Adaxial  
 
6.42 + 1.68 
n = 4 
4.512 + 0.79 
n = 9 
6.695 + 
0.85 
n = 6 
5.60 + 0.59 
n = 19 
Abaxial* 
 
7.28 + 1.36 
n = 4 
9.812 + 0.71 
n = 9 
12.41 + 
0.65 
n = 6 
10.1 + 0.54 
n = 19 
     
Stomatal length (μm)     
Adaxial  31.1 + 0.66 
n = 4 
34.69 + 0.79 
n = 9 
32.78 + 
1.58 
n = 6 
33.37 + 
0.74 
n = 19 
Abaxial 
 33.45 + 1.75 n = 3 
34.66 + 1.1 
n = 8 
33.96 + 
0.98 
n = 6 
34.2 + 0.69 
n = 17 
  
